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http://www.eje.cz studies lack the necessary resolution to elucidate fi ner-scale intraspecifi c population processes that may signifi cantly infl uence population viability. In this regard microsatellites remain popular markers for both cost effective and informative intraspecifi c conservation genetic inference. This research therefore reports on the development of the fi rst microsatellite loci for L. cervus as a resource for future conservation efforts. The characterisation of these markers also provides a preliminary insight into nuclear genetic variability among UK samples.
MATERIALS AND METHODS
DNA was extracted from a number of stag beetle specimens (n = 42), collected around Surrey (UK), using a standard phenol chloroform method. In all cases individual samples were in the form of parts of a beetle collected as prey leftover, or road kill. Microsatellite isolation was initially performed by traditional means of microsatellite enriched genomic library cloning (ELC) following McKeown & Shaw (2008) . Briefl y, genomic DNA was digested with the restriction enzyme RsaI (New England Biolabs, Ipswich, MA, USA) and the blunt ended fragments ligated to double-stranded SuperSNX linkers. Enrichment was then performed by selective hybridization of biotin-labelled repeat motif oligonucleotide probes [(TG) 12 , (GA) 12 , (AAAT) 8 , (AACT) 8 , (AAGT) 8 , (ACAT) 8 , (AGAT) 8 ] with hybridised complexes captured using
INTRODUCTION
Saproxylic invertebrates, defi ned as organisms that for at least some period of their life cycle are dependent on fungal decay of wood in living or dead trees, or on other saproxylic organisms (Alexander, 2008) , are recognised as one of the most threatened components of European fauna (Nieto & Alexander, 2010) . The European stag beetle, Lucanus cervus, is undoubtedly the most well-known saproxylic beetle and as such is recognised as a focal species for saproxylic habitat conservation and more broadly as a fl agship species for European biodiversity conservation (Thomaes et al., 2008; Chiari et al., 2014) . Although stag beetles are widely distributed across Europe (Harvey et al., 2011a) , declining numbers (Harvey et al., 2011b) mean that the species is of conservation concern and has been granted protected or endangered status in a number of countries and listed as "near threatened" in the IUCN red list of threatened species (Nieto & Alexander, 2010) . A major hindrance to the effi cacy of conservation efforts for the stag beetle is the established diffi culty of inferring population demographics from available ecological methods (Camparano et al., 2011; Harvey et al., 2011b; Chiari et al., 2013 Chiari et al., , 2014 . This highlights the need to integrate conservation genetic approaches. Genetic based studies have already provided considerable insight into species relationships within Lucanidae (Cox et al., 2013; Solano et al., 2016) . However, the genetic markers used in those Eur. J. Entomol. 115: 620-623, 2018 doi: 10.14411/eje.2018.059
NOTE
Sequences obtained from both methods (ELC and RADSeq) were scanned for microsatellite motifs using MSATCOM-MANDER (Faircloth, 2008) . PCR primers were designed using PRIMER 3 (Rozen & Skaletsky, 1998) . Forward primers were tagged on the 5' end with the universal M13 sequence (5'-TG-TAAAACGACGGCCAGT-3') to allow fl uorescent labelling of PCR products using a 3-primer protocol detailed below. Additionally, a 5' GTTTCTT "pigtail" was added to the reverse primers derived from the RAD-Seq library to improve consistency in amplicon size (Brownstein et al., 1996) . PCR conditions were initially optimised on a subset of individuals (n = 8) after which 18 loci (Table 1) were more fully characterised by genotyping the 42 individuals. Each locus was individually amplifi ed in a 10 μl reaction containing ~ 50 ng template DNA, 5 μl Biomix (Bioline, London, UK), 0.025 UM forward (M13 tagged) primer, 0.25 UM reverse (untagged) primer, and 0.25 UM universal M13 primer labelled with a FAM, VIC, NED, or PET fl uorescent dye. The same PCR thermoprofi le consisting of an initial denaturation step (95°C for 3 min) followed by 35 cycles of 95°C for 30 s, 50°C for 30 s and 72°C for 30 s, and a fi nal cool down step (4°C for 60 s), was used for all loci. Amplicons were separated on streptavidin-coated magnetic beads (DYNAL, Invitrogen, Carlsbad, CA, USA) and unbound DNA removed by a series of washes. DNA fragments were then eluted from the magnetic beads and amplifi ed by polymerase chain reaction (PCR) using the Super-SNX24F oligonucleotide. The PCR products were cloned using the TOPO-TA cloning kit (Invitrogen) and recombinant colonies identifi ed by disruption of β-galactosidase activity. Cloned inserts were individually PCR amplifi ed and sequenced using the M13 forward and reverse primers. As this method yielded a low number of usable microsatellites (described later) a Restriction enzyme Associated DNA sequencing (RAD-Seq) library was constructed for 16 randomly chosen specimens following Baird et al. (2008) to identify microsatellite containing sequences. Sequencing adaptors and individual barcodes were ligated to Sbf I digested genomic DNA and fragments from individuals jointly sequenced on an Illumina MiSeq. After sequencing, reads were de-multiplexed, required as other species were also present in the RAD-Seq library, and barcodes/adaptors removed using CLC genomics workbench (Qiagen, Hilden, Germany) resulting in sequence fragments of 70-100 base pairs. 
RESULTS AND DISCUSSION
The 18 microsatellite loci were all polymorphic with allele sizes differing in expected multiples of their repeated motifs. Of the 18 loci only 2 (Lcerv-17 and Lcerv-36) were obtained using the traditional ELC method. Overall the ELC method (i) reported a low proportion of microsatellite containing sequences (6 out of 100 sequences) and (ii) yielded candidate loci for which PCR produced multiple banding patterns that could not be genotyped. In contrast, the RAD-Seq method identifi ed a large number of microsatellite containing sequences with all candidate loci that were tested producing clear PCR amplicons. Similar diffi culties in the isolation of microsatellite loci using traditional (i.e. non-NGS) enrichment and cloning protocols have been reported for some other coleopteran species (Salle et al., 2007 ; but see Drag et al., 2013) as well as Lepidoptera (Zhang, 2004) . The data therefore suggest that NGS based methods may be more effi cient and ultimately more cost effective means to develop informative suits of microsatellites for coleopteran species.
Diversity indices for each locus and their observed allele size ranges are presented in Table 1 . The mean number of alleles per locus was 4 and both observed and expected heterozygosities were low. An important consideration here is that the genotyped samples were from a single area in Britain and other British areas may harbour more genetically variable individuals/populations. Furthermore, British populations may have experienced historical founder effects and loss of genetic variability associated with postglacial colonisation processes and recurrent isolation from European mainland populations as reported for other species (Rossiter et al., 2000) . Therefore, levels of variability at these loci may be higher among mainland European samples. More extensive spatial/temporal genetic surveys will be needed to assess historical and recurrent infl uences on genetic diversity among British and mainland European populations. While there is the possibility of ascertainment bias here, a number of other saproxylic species such as the bark beetle (Ips typographus) (Salle et al., 2007) , the Asian longhorned beetle (Anoplohora glabripennis) (Carter et al., 2009 ) and the Rosalia Longicorn (Rosalia alpine) (Drag et al., 2013 (Drag et al., , 2015 have revealed similarly low levels of intrasample microsatellite variability over wider geographical ranges suggesting a general pattern of low genetic variability among saproxylics.
No signifi cant linkage disequilibrium was detected between any locus pair indicating that they are segregating independently and can each be considered independent markers. While most loci conformed to HWE, a number exhibited signifi cant deviations due to heterozygote defi cits (Table 1) . Heterozygote defi cits have been reported for other invertebrates (Shaw et al., 2010) and can result from technical artefacts such as null alleles and/or biological processes such as selection, inbreeding, and Wahlund effects (i.e. sampling of individuals from genetically distinct groups). Data from paternity studies of British samples report no evidence of null alleles or other technical artefacts at these loci (N.J. McKeown, unpubl. data) . Furthermore, while selection effects have been detected at microsatellite loci (McKeown et al., 2017) , it must be considered unlikely that selection could be driving the heterozygote defi cits at multiple loci observed here. Therefore inbreeding and/or Wahlund effects seem the most likely explanation which ergo points to underlying spatial/temporal heterogeneity.
Due to its role as a fl agship and focal species, the monitoring of L. cervus deserves high priority for biodiversity conservation in Europe, not least because its conservation may positively impact other taxa within the same habitats (Chiari et al., 2014) . However, as the species is holometabolous and adults exhibit differentiation in a number of traits between males and females that may bias inferences derived from capture methods, the species poses a number of challenges to the accurate estimation of population parameters (Harvey et al., 2011b; Chiari et al., 2014) . Microsatellite analysis can be used to estimate effective and census population sizes, as well as identifying populations with genetic characteristics and/or reduced probability of persistence that require prioritisation (Allendorf, 2017) . Spatial patterns of genetic structure can also be used to identify patterns and processes (e.g. behaviour) of population connectivity/isolation and thus defi ne management units while also providing a neutral genetic background against which phenotypic patterns can be interpreted and inform on roles of environmental plasticity and/or local adaptation, key factors underpinning species/population resilience to environmental change. The loci developed here thus represent tools that can be directly applied to numerous aspects of conservation research. In this study complete genotypes were obtained for all samples collected as prey leftover, or road kill. This highlights the utility of the loci to study non-preserved and potentially degraded samples and suggests they may also be applicable to museum specimens. As body fragments are often collected as part of walk transects (Campanaro et al., 2010; Campanaro & Bardiani, 2012) and road surveys (Harvey et al., 2011b) that are commonly employed monitoring methods, genetic analysis of such samples offers a means by which ecological and genetic data collection could be combined operationally for non-invasive population monitoring. Finally, if the loci produce homologous products in closely related taxa/sister species they may help clarify higher taxonomic relationships by providing a nuclear phylogenetic perspective (Cox et al., 2013) .
